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Abstract 

Background  Innovative vector control tools are needed to counteract insecticide resistance and residual malaria 
transmission. One of such innovative methods is an ivermectin (IVM) treatment to reduce vector survival. In this study, 
a laboratory experiment was conducted to investigate the effect of ivermectin on survivorship, fertility and egg hatch-
ability rate of Anopheles arabiensis in Ethiopia.

Methods  An in vitro experiment was conducted using 3–5 days old An. arabiensis adults from a colony maintained at 
insectary of Tropical and Infectious Diseases Research Center, Jimma University (laboratory population) and Anopheles 
mosquitoes reared from larvae collected from natural mosquito breeding sites (wild population). The mosquitoes 
were allowed to feed on cattle blood treated with different doses of ivermectin (0 ng/ml, 5 ng/ml, 10 ng/ml, 20 ng/ml, 
40 ng/ml and 80 ng/ml). During each feeding experiment, the mosquitoes were held in cages and blood-fed using a 
Hemotek feeder. Mortality and egg production were then recorded daily for up to 9 days. Time to death was analysed 
by a Cox frailty model with replicate as frailty term and source of mosquito (wild versus laboratory), treatment type 
(ivermectin vs control) and their interaction as categorical fixed effects. Kaplan Meier curves were plotted separately 
for wild and laboratory populations for a visual interpretation of mosquito survival as a function of treatment.

Results  Both mosquito source and treatment had a significant effect on survival (P < 0.001), but their interaction was 
not significant (P = 0.197). Compared to the controls, the death hazard of An. arabiensis that fed on ivermectin-treated 
blood was 2.3, 3.5, 6.5, 11.5 and 17.9 times that of the control for the 5 ng/ml, 10 ng/ml, 20 ng/ml, 40 ng/ml, and 
80 ng/ml dose, respectively. With respect to the number of hatched larvae, hatched pupae and emerged adults per 
fed mosquitoes, a significant difference was found between the control and the 5 ng/ml dose group (P < 0.001). The 
number of hatched larvae and pupae, and emerged adults decreased further for the 10 ng/ml dose group and falls to 
zero for the higher doses.

Conclusion  Treating cattle blood with ivermectin reduced mosquito survival, fertility, egg hatchability, larval devel-
opment and adult emergence of An. arabiensis in all tested concentrations of ivermectin in both the wild and labora-
tory populations. Thus, ivermectin application in cattle could be used as a supplementary vector control method to 
tackle residual malaria transmission and ultimately achieve malaria elimination in Ethiopia.
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Background
Impressive progress has been made globally to control 
malaria over the last two decades. The malaria case inci-
dence rate (number of cases per 1000 population at risk) 
has decreased from 80 in 2000 to 57 in 2019, a reduction 
of almost 30% [1]. The mortality incidence rate (number 
of deaths per 100,000 population at risk) reduced from 25 
in 2000 to 10 in 2019, or a reduction of 60% [1]. Over the 
same period, the number of countries with fewer than 
100 indigenous malaria cases increased from 6 to 27, 
with 21 countries reporting zero malaria cases for at least 
three consecutive years, and 10 of these countries were 
certified malaria-free by the World Health Organization 
(WHO) [1]. Similarly, malaria trend declined over the 
last 15  years in Ethiopia, mainly as a result of intensive 
use of control interventions, such as artemisinin-based 
combination therapy (ACT), use of rapid diagnostic tests 
(RDTs) at the remote health facilities, wide-scale dis-
tribution of long-lasting insecticidal nets (LLINs) and 
increased coverage of indoor residual spraying (IRS) 
since 2004/2005 [2, 3]. However, malaria still remains a 
major public health problem in the country [4].

Malaria vector control tools such as LLINs and IRS 
have played a significant role in reducing the burden of 
malaria in Africa by targeting mosquitoes that feed on 
human indoors (anthropophilic, endophagic), and rest 
inside houses (endophilic) [5, 6]. These indoor interven-
tions reduce the feeding frequency, density, and survival 
of endophagic and endophilic vector species, such as 
Anopheles gambiae and Anopheles funestus [7]. How-
ever, their progress is limited by residual transmission, 
through mosquitoes that rest outside after feeding, as 
well as those that avoid contact with these indoor vec-
tor control strategies [8]. The impact of IRS on An. ara-
biensis has decreased, partly due to the exophilic and 
zoophilic nature of these mosquitoes [9]. Thus, transmis-
sion risk and burden of malaria in Africa is still high even 
in areas with high coverage of LLINs and IRS [10, 11], 
where malaria vectors exhibit zoophagic, exophagic and 
exophilic characteristics, such as in An. arabiensis [12, 
13]. Moreover, the transmission risk is high in settings 
where insecticide resistance builds up [14, 15],

Anopheles arabiensis continues to play a significant role 
in malaria transmission in East African countries [16], 
where it frequently feeds on cattle and on unprotected 
humans outdoors to sustain residual malaria transmis-
sion [17, 18]. Studies conducted in East Africa docu-
mented that there is a shift in vector species composition 
from predominantly endophagic An. gambiae sensu 
stricto (s.s.) to predominantly exophagic An. arabiensis 
following the scale-up of ITNs [10, 19].

A study documented that malaria transmission con-
siderably reduced in Ethiopia as a result of available 
malaria vector control tools [20]. However, insecticide 
resistance and the change in behaviour of Anopheles 
mosquitoes remain a challenge for the effectiveness of 
malaria control tools [21, 22]. Thus, to achieve malaria 
elimination, innovation of vector control tools to coun-
teract the emergence of drug and insecticide resist-
ance is fundamental [23]. Much of the success made in 
reducing the malaria burden has been due to control 
of mosquito vectors. In line with this, previous stud-
ies suggested additional vector control tools such as 
use of endectocides, zooprophylaxis, improving hous-
ing, odour-baited mosquito trapping systems and lar-
val control measures as potential alternatives [24–26]. 
These alternative are important to be used in settings 
where there is high risk of residual malaria transmis-
sion, insecticide resistance and asymptomatic malaria 
to achieve and sustain zero malaria transmission [27].

Ivermectin was the world’s first endectocide, able to kill 
diverse endo-and ecto-parasitic nematodes and arthro-
pods [28] and is a deep seated veterinary endectocide, 
first approved in 1987 to use against onchocerciasis [29]. 
Besides its broad anti-parasitic activity against onchocer-
ciasis and lymphatic filariasis, ivermectin has been found 
to be effective in killing mosquitoes that feed on treated 
humans and livestock [30–32]. Ivermectin primarily tar-
gets the glutamate-gated chloride channel and it consti-
tutes a different mode of action to insecticides currently 
available on the public health market [33]. In addition, 
ivermectin is different from LLINs and IRS in a way that 
it targets mosquitoes that bite and rests outdoors. [34].

Studies documented that ivermectin remains in the 
human blood stream following a standard oral dose and 
can kill blood-feeding Anopheles [35, 36] A relatively 
small concentration of ivermectin can kill the mos-
quito before they become infectious was documented 
by a previous study [37]. Anopheles arabiensis, is an 
opportunistic feeder showing flexibility in both resting 
and feeding habits [38]. Thus, the zoophagic behaviour 
of vectors may be an opportunity to use ivermectin-
treated animals to kill mosquitoes.

However, there is limited information in Ethiopia on 
the use of ivermectin as a strategy to reduce the burden 
of malaria using ivermectin-treated cattle blood. Spe-
cifically, the lethal and sublethal effect of ivermectin on 
An. arabiensis fed on ivermectin-treated cattle blood is 
unknown. Thus, in this study a laboratory experiment 
was conducted to investigate the effect of ivermectin-
treated cattle blood on survivorship, fertility and egg 
hatchability rate of An. arabiensis.
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Methods
Colony of Anopheles arabiensis
The experiment was conducted using 3–5  days old An. 
arabiensis adults from the colony maintained at the 
insectary of Tropical and Infectious Diseases Research 
Center (TIDRC) of Jimma University. The An. arabiensis 
mosquitoes (Sekoru strain colonized from Adama, Ethio-
pia) were reared in the insectary by maintaining stand-
ard insectary conditions i.e., temperature of 27 ± 2 °C and 
relative humidity of 75 ± 10% for adults, and temperature 
of 31 ± 2  °C for larvae room. Rabbits were used to feed 
the adults in the insectary.

Wild mosquito rearing in the laboratory
Anopheles mosquito larvae were collected by dipping 
from natural mosquito breeding sites located in the 
Gilgel Gibe watershed, southwest Ethiopia. During the 
collection, larvae were placed in plastic containers (3 L) 
half-filled with water from the same breeding site and 
transported to the Jimma University TIDRC. The larvae 
were provided with a diet of ground Tetramin® fish food. 
Upon emergence, pupae were collected in cups (200 ml) 
and placed in a 30  cm × 30  cm × 30  cm cage for 3  days 
until they emerged to adults. The emerged mosquitoes 
were identified morphologically and only female An. 
gambiae sensu lato (s.l.) mosquitoes were used for the 
experiment after 3–5 days maturation.

Ivermectin solution preparation
An ivermectin stock solution of 10 mg/ml, commercially 
available, was obtained from Jimma University Veteri-
nary clinic. Ivermectin solution was prepared from the 
stock solution of (10 mg/ml) as follows:

1.	 Diluting the initial ivermectin stock solution 100× 
(10 ul of ivermectin + 990 ul of distilled water). This 
gives a concentration of 0.1 mg/ml or 100,000 ng/ml. 
This was considered as Dilution 1.

2.	 Then, the final concentration was prepared as fol-
lows:

Volume of Ivermectin solu-
tion from Dilution 1

0 1 µl 2 µl 4 µl

Volume of cattle whole blood 5 ml 5 ml 5 ml 5 ml

Final concentration 0 ng/ml 20 ng/ml 40 ng/ml 80 ng/ml

Mosquito blood‑feeding

Cattle blood was collected daily from a local abattoir and 
used for all blood feeds. Prior to the experiment, 3–5 day-
old female An. gambiae s.l. mosquitoes were starved of 
sugar solution for 8  h. Each cattle blood sample with a 
particular dose of ivermectin was presented to a batch of 

50 females An. gambiae s.l. (corresponding to the experi-
mental unit) in triplicate. The mosquitoes were held in 
30 cm × 30 cm × 30 cm cages and offered the blood using 
a Hemotek feeder (Discovery Workshops, Accrington, 
UK) (placed on the upper surface) covered with collagen 
membrane and heated to 37 °C. Mosquitoes were allowed 
to feed for approximately 30 min.

Mosquito mortality
After blood feeding, unfed mosquitoes were removed 
from the cage using a mouth aspirator and transferred 
to paper cups, and the total numbers of blood-fed mos-
quitoes were recorded. Mortality was recorded every 
24 h for 9 days post blood-feeding, with dead mosquitoes 
removed daily. New batches of gambiae s.l were used for 
each replicate. Throughout the study, adult mosquitoes 
were provided with cotton moistened with 10% sugar 
solution. Mosquitoes were considered dead if they were 
lying on the bottom of the cage and unable to move. The 
mosquito that is unable to fly but able to stand on its leg 
was recorded as alive. All dead wild An. gambiae s.l. were 
preserved individually in labelled 1.5 ml Eppendorf tubes 
containing silica gel desiccant, and stored at −  20  °C 
freezer at the TIDRC laboratory for further molecular 
identification.

Egg production and developmental stages
To assess the impact of the ivermectin dose on the 
number of eggs produced from surviving females, petri 
dishes lined with cotton batting, a filter paper, and mois-
tened with deionized water were placed in each cage 
as an oviposition substrate [39]. The filter papers were 
replaced daily starting from 3 to 5 days post blood feed-
ing [37, 40, 41]. The laid eggs were counted and recorded 
daily and then placed in plastic pans filled with distilled 
water. Room temperature was maintained at 30  °C for 
the hatchability test. The eggs were counted using dis-
secting microscope at an ocular magnification of 10x. 
Laid eggs were reared in separate plastic cups filled with 
distilled water. The number of newly emerged larvae 
was recorded. The hatched larvae were provided with 
instant dry yeast daily in larval pans and their develop-
ment to pupae was observed for 7  days. The emerged 
pupae were collected in cups and placed in another 
30  cm × 30  cm × 30  cm cage to examine the emergence 
to adults for 3 days [42, 43]. After the experiment, all sur-
viving wild female mosquitoes initially introduced into 
the gages were preserved individually in 1.5  ml Eppen-
dorf tubes for further molecular identification.
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Identification of vector species complexes
Sub-samples of the wild caught An. gambiae s.l. speci-
mens used for the experiment were analysed by poly-
merase chain reaction (PCR) for identification of their 
sibling species, following the protocol developed by 
Scott et al. [44].

Data analysis
Time to death was analysed by a Cox frailty model with 
replicate as frailty term and source of mosquito (wild 
versus laboratory), treatment and their interaction as 
categorical fixed effects. Kaplan Meier curves are pro-
vided separately for wild and laboratory mosquitoes for 
a visual interpretation of mosquito survival as a func-
tion of treatment.

The other variables, percentage of fed mosquitoes 
that lay eggs, number of eggs per fed mosquito, number 
of hatched larvae per fed mosquito, number of hatched 
pupae per fed mosquito and number of emerged adults 
per fed mosquito were analysed by a mixed model with 
replication as random effect and source of mosquito 
(wild versus laboratory), treatment and their interac-
tion as categorical fixed effects. For this analysis, only 
control and the lower doses were considered, as these 
reproduction parameters were zero for the three high-
est doses and for most response variables for the sec-
ond lowest dose.

Results
Mosquito species composition
A total of 350 wild An. gambiae s.l. specimens used for 
the experiment were analysed for sibling species iden-
tification using PCR. The PCR results revealed that 
all An. gambiae s.l. specimens were found to be An. 
arabiensis.

Feeding rate
The number of An. arabiensis  exposed to feed on cat-
tle blood using membrane feeder were 3000 and out of 
this 2007 mosquitoes became fully engorged. The feed-
ing rate of mosquitoes was 66.9%. There were no sig-
nificant differences in mosquito feeding rates between 
treatment and control groups (65.72% and 68.2% aver-
age feeding rates, respectively, P = 0.178).

Mosquito mortality
With respect to mosquito mortality, there was a sig-
nificant effect of both source (laboratory and wild mos-
quitoes) (P < 0.001) and treatment (P < 0.001), but the 
interaction was not significant (P = 0.197). The hazard 
ratios of mosquito mortality in comparison with con-
trol were 2.30 (95% CI [1.90;2.77]) for the 5 ng/ml dose, 
3.52 (95% CI [2.96;4.19]) for the 10  ng/ml dose, 6.51 
(95% CI [5.50;7.70]) for the 20 ng/ml dose, 11.47 (95% 
CI [9.76;13.48]) for the 40  ng/ml dose and 17.89 (95% 
CI [15.19;21.06]) for the 80 ng/ml dose (Fig. 1a and b). 
A monotone increase in the hazard ratio as a function 

Fig. 1  a Survival curves of the laboratory mosquitoes as a function of the Ivermectin dose. (Control), 5 (T1), 10 (T2), 20 (T3), 40 (T4) and 80 (T5) ng/
ml ivermectin. b Survival curves of the wild mosquitoes as a function of the Ivermectin dose. 0 (Control), 5 (T1), 10 (T2), 20 (T3), 40 (T4) and 80 (T5) 
ng/ml Ivermectin
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of the ivermectin concentration was observed. The haz-
ard ratio for wild mosquitoes was 1.33 (95% CI [1.23; 
1.44]) compared to the laboratory mosquitoes. Survival 
was high in the control throughout, while the survival 
of An. arabiensis mosquitoes reduced with an increas-
ing concentration of ivermectin ingestion for the treat-
ment groups. The death hazard of An. arabiensis for the 
80 ng/ml dose was 18 times that of the control groups, 
while the death hazard for the lowest concentration of 
the ivermectin (5 ng/ml) was twice that of the control 
group.

At day 9 post-feeding, the mortality rates of An. ara-
biensis that fed on ivermectin-treated cattle blood were 
69.70%, 77.88%, 86.68%, 91.98% and 94.71% at concentra-
tions of 5 ng/ml, 10 ng/ml, 20 ng/ml, 40 ng/ml and 80 ng/
ml, respectively, while the mortality rate was 12% in the 
control group (Fig. 1a and b).

Effect of ivermectin on egg production, hatchability, pupae 
and adult emergence
With respect to the percentage of fed mosquitos that laid 
eggs, a significant difference was found between the con-
trol and the 5  ng/ml dose group (P < 0.001), with lower 
percentages for the last group. The percentage decreases 
further for the 10 ng/ml dose group and falls to zero for 
the higher doses (Table 1).

The percentage of mosquitoes laying eggs after feed-
ing on treated cattle blood was reduced to 77.7% for the 
10  ng/ml dose compared to the control group for the 
wild group, while it was reduced to 80.7% for the labora-
tory group. Moreover, for the 10 ng/ml dose, the average 
number of eggs laid for the laboratory group was reduced 
to 4.9 compared to the average number of eggs laid by 
the control group, which was 46.9. Similarly, the average 
number of eggs laid by the wild group reduced to 0 for 
the same concentration (Table 1).

The number of eggs per fed mosquito was significantly 
lower in the 5 ng/ml dose group compared to the control 
group (P < 0.001), and also significantly lower in the wild 
group compared to the laboratory group (P = 0.029), but 
the two factors did not interact (Table 1).

With respect to number of hatched larvae, hatched 
pupae and emerged adults per fed mosquito, a significant 
difference was found between the control and the 5 ng/
ml dose group (P < 0.001), with lower percentages for the 
last group. The number decreased further for the 10 ng/
ml dose group and fell to zero for the higher doses. A sig-
nificantly lower number was also found in the wild group 
compared to the laboratory group (P < 0.001), but the two 
factors did not interact (Table 1).

Larvae, pupae and adults only emerged from the lowest 
dose (5 ng/ml) for the wild and laboratory groups and for 
the 10 ng/ml dose only from the laboratory group.

Discussion
This study demonstrated that ivermectin-treated cattle 
blood is able to reduce the survival, fertility, egg hatchabil-
ity, larval development and adult emergence of wild and 
laboratory-reared An. arabiensis mosquitoes, at various 
concentrations of the drug. Survival of An. arabiensis, the 
most influential variable for vectorial capacity, was signifi-
cantly reduced after the laboratory and wild mosquitoes 
were allowed to feed on ivermectin treated cattle blood at 
all concentrations. Similarly, previous studies documented 
that ivermectin significantly reduced the survivorship of 
Anopheles mosquitoes under laboratory conditions [33, 
45–47]. Field studies showed that ivermectin was lethal to 
An. arabiensis at low concentrations [47–49]. Moreover, 
previous studies showed that a long-lasting formulation of 
ivermectin administered to calves decreased field malaria 
vector populations [50]. The result of this study showed 
that the wild mosquitoes used in this study were more sus-
ceptible to ivermectin than laboratory mosquitoes. The var-
iation in susceptibility of wild and laboratory mosquitoes 
to ivermectin is not known as there might be difference 
in exposure to insecticides and genetic diversity. Moreo-
ver, the laboratory mosquitoes are intercrossed and do not 
represent the mosquitoes in the field. Similarly, a previous 
study reported that in a laboratory setting, it took several 
days for laboratory-reared An. gambiae to respond to a 
lethal blood meal. [51]. Moreover, a previous study showed 
the field population of An. arabiensis was more susceptible 
to clothianidin compared to the laboratory strain [52].

In the present study, the concentration of ivermectin in 
cattle blood at 80 ng/ml increased the hazard of death of 
An. arabiensis by 18-fold relative to control. In addition, 
the current study revealed a monotone increase in the haz-
ard ratio as a function of the ivermectin concentration for 
both laboratory and wild groups. Similarly, previous stud-
ies revealed that increasing the concentration of ivermec-
tin reduced survival of An. arabiensis [49] and increased 
the risk of death of mosquitoes five-fold relative to control 
[32]. Moreover, the result of this study supports earlier 
observations [53, 54]. Thus, this confirms that ivermectin 
can alter the most influential variable for vectorial capac-
ity, the daily probability of adult survivorship [55–58].

The current study revealed that no eggs were laid by the 
mosquitoes that fed on ivermectin treated cattle blood at con-
centrations larger than 10 ng/ml. Moreover, the number of eggs 
laid by An. arabiensis mosquitoes was significantly reduced 
after feeding on ivermectin-treated cattle blood at any dose. A 
previous study also documented that the probability that An. 
arabiensis lay eggs after blood feeding was significantly affected 
by ivermectin-treated cattle [32]. Similarly, previous studies 
conducted on different principal malaria vectors documented 
a similar effect of ivermectin on mosquito fecundity [39, 
43, 53, 59, 60]. Moreover, a study has shown that blood meal 
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digestion in the stomach of An. arabiensis is reduced when fed 
on ivermectin-treated cattle and hence egg production [32]. 
On the other hand, the number of eggs laid by Anopheles ste-
phensi after being fed on ivermectin-treated blood with simi-
lar concentrations as in the present study increased compared 
to control [41]. This might be due to difference in species with 
varying levels of susceptibility to ivermectin.

In the present study, the egg hatchability rate of mos-
quitoes fed on ivermectin-treated cattle blood was signifi-
cantly reduced compared to the control group, consistent 
with previous studies [41, 54, 61]. This finding supports 
the strategy to use ivermectin in cattle as a supplementary 
approach to prevent malaria transmission by reducing the 
population of Anopheles mosquitoes [62, 63]. Moreover, 
the findings reinforce the hypothesis that even sub-lethal 
doses of ivermectin could play an important role in reduc-
ing the vectorial capacity of mosquitoes [63].

The present study also revealed that the median survival time 
of An. arabiensis was significantly shorter in treatment groups 
compared with control. The finding of this study is in line with 
previous studies [32, 37, 47, 64], and among treatment groups, 
the survival time was further reduced with increasing concen-
tration. A previous study also revealed that increasing the iver-
mectin concentration reduces the mosquito median survival 
time [65]. Ivermectin has an impact of decreasing survival of 
malaria vectors which supports killing of mosquitoes before 
their next blood meal and becoming infectious [37].

Conclusion
The present study demonstrated that ivermectin has the 
potential to reduce mosquito survival, fertility, egg hatchabil-
ity, larval development and adult emergence of An. arabiensis. 
Ivermectin could thus be used as a supplementary malaria 
control strategy to reduce malaria transmission through tar-
geting. Moreover, ivermectin could be useful to target out-
door feeding and resting vectors which the current available 

control tools fail to control. Thus, ivermectin could be used 
as a supplementary vector control to tackle residual malaria 
transmission, which is one of the current challenges in the 
malaria elimination phase in Ethiopia. Further field trials on 
the effectiveness of ivermectin in reducing mosquito vec-
tor density of An. arabiensis, the principal malaria vector in 
Ethiopia and malaria transmission intensity is recommended.

Acknowledgements
We would like to acknowledge the laboratory assistants at the Department of 
Environmental Health Science and Technology, Jimma University, for logistic 
support. Our gratitude goes to Tropical and Infectious Diseases Research 
Center (TIDRC) of Jimma University for providing An. arabiensis colony and 
equipment for the experiment. We are also very grateful for a support from 
NASCERE program.

Author contributions
Designed the study and wrote the paper: KE, TH, LA, TD, DY, LD. Gathered data: 
KE, LA. All authors read and approved the final manuscript.

Funding
This study was funded by Jimma University.

 Availability of data and materials
Data are available from the corresponding author upon request.

Declarations

Ethics approval and consent to participate
Ethical clearance was obtained from Institutional Review Boards (IRBs) of 
Jimma University, Ethiopia.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Environmental Health Science and Technology, Jimma Uni-
versity, P.O. Box 378, Jimma, Ethiopia. 2 Department of Life Sciences, Imperial 
College London, London, UK. 3 Department of Environmental Health Sciences, 
Bule Hora University, P.O. Box 144, Bule Hora, Ethiopia. 4 School of Medical 
Laboratory Sciences, Jimma University, P.O. Box 378, Jimma, Ethiopia. 5 Tropi-
cal and Infectious Diseases Research Center, Jimma University, P.O. Box 378, 

Table 1  Effect of ivermectin treated cattle blood on egg production, hatchability, pupa development and adult emergence (n = 512 
for laboratory and 537 for wild populations)

L laboratory population, W  wild population, Av. average

Response Source Control 5 ng/ml 10 ng/ml 20 ng/ml 40 ng/ml 80 ng/ml

Percentage egg laying L 94.1 (1.2) 88.9 (1.4) 80.7 (1.4) 0 0 0

W 92.8 (1.2) 86.4 (1.4) 77.7 (1.4) 0 0 0

Av. No. eggs L 46.9 (1.2) 18.7 (1.5) 4.9 (1.4) 0 0 0

W 45.0 (1.2) 14.5 (1.5) 0 (0) 0 0 0

Av. No. hatched L 30.5 (1.0) 9.9 (1.3) 0.8 (1.3) 0 0 0

W 27.2 (1.0) 5.3 (1.3) 0 (0) 0 0 0

Av. No. pupae L 15.5 (0.5) 3.7 (0.7) 0.3 (0.7) 0 0 0

W 11.4 (0.5) 1.9 (0.7) 0 (0) 0 0 0

Av. No. adults L 7.0 (0.2) 1.5 (0.3) 0.1 (0.3) 0 0 0

W 4.7 (0.2) 0.6 (0.3) 0 (0) 0 0 0



Page 7 of 8Eba et al. Malaria Journal           (2023) 22:12 	

Jimma, Ethiopia. 6 Biometrics Research Center, Faculty of Veterinary Medicine, 
Ghent University, Ghent, Belgium. 

Received: 30 October 2022   Accepted: 3 January 2023

References
	1.	 WHO. World malaria report 2020. Geneva, World Health Organiza-

tion. 2020. https://​www.​who.​int/​publi​catio​ns/i/​item/​97892​40015​791. 
Accessed 5 Dec 2022.

	2.	 Abeku TA, Helinski ME, Kirby MJ, Kefyalew T, Awano T, Batisso E, et al. 
Monitoring changes in malaria epidemiology and effectiveness of inter-
ventions in Ethiopia and Uganda: beyond Garki project baseline survey. 
Malar J. 2015;14:337.

	3.	 Alemu A, Muluye D, Mihret M, Adugna M, Gebeyaw M. Ten year trend 
analysis of malaria prevalence in Kola Diba, North Gondar, Northwest 
Ethiopia. Parasit Vectors. 2012;5:173.

	4.	 Girum T, Shumbej T, Shewangizaw M. Burden of malaria in Ethiopia, 
2000–2016: findings from the Global Health Estimates 2016. Trop Dis 
Travel Med Vaccines. 2019;5:11.

	5.	 Bhatt S, Weiss D, Cameron E, Bisanzio D, Mappin B, Dalrymple U, et al. The 
effect of malaria control on Plasmodium falciparum in Africa between 
2000 and 2015. Nature. 2015;526:207–11.

	6.	 Stone C, Gross K. Evolution of host preference in anthropophilic mosqui-
toes. Malar J. 2018;17:257.

	7.	 Bugoro H, Cooper RD, Butafa C, Iro’ofa C, Mackenzie DO, Chen C-C, Russell 
TL. Bionomics of the malaria vector Anopheles farauti in Temotu Province, 
Solomon Islands: issues for malaria elimination. Malar J. 2011;10:133.

	8.	 Killeen GF, Seyoum A, Gimnig JE, Stevenson JC, Drakeley CJ, Chitnis N. 
Made-to-measure malaria vector control strategies: rational design based 
on insecticide properties and coverage of blood resources for mosqui-
toes. Malar J. 2014;13:146.

	9.	 Abong’o B, Gimnig JE, Torr SJ, Longman B, Omoke D, Muchoki M, et al. 
Impact of indoor residual spraying with pirimiphos-methyl (Actellic 
300CS) on entomological indicators of transmission and malaria case 
burden in Migori County, western Kenya. Sci Rep. 2020;10:4518.

	10.	 Russell TL, Govella NJ, Azizi S, Drakeley CJ, Kachur SP, Killeen GF. Increased 
proportions of outdoor feeding among residual malaria vector popula-
tions following increased use of insecticide-treated nets in rural Tanzania. 
Malar J. 2011;10:80.

	11.	 Sherrard-Smith E, Skarp JE, Beale AD, Fornadel C, Norris LC, Moore SJ, 
et al. Mosquito feeding behavior and how it influences residual malaria 
transmission across Africa. Proc Natl Acad Sci USA. 2019;116:15086–95.

	12.	 Degefa T, Yewhalaw D, Zhou G, Lee M-c, Atieli H, Githeko AK, Yan G. 
Indoor and outdoor malaria vector surveillance in western Kenya: 
implications for better understanding of residual transmission. Malar J. 
2017;16:443.

	13.	 Massebo F, Balkew M, Gebre-Michael T, Lindtjørn B. Zoophagic behaviour 
of anopheline mosquitoes in southwest Ethiopia: opportunity for malaria 
vector control. Parasit Vectors. 2015;8:645.

	14.	 Carrasco D, Lefèvre T, Moiroux N, Pennetier C, Chandre F, Cohuet A. 
Behavioural adaptations of mosquito vectors to insecticide control. Curr 
Opin Insect Sci. 2019;34:48–54.

	15.	 Ranson H. Current and future prospects for preventing malaria transmis-
sion via the use of insecticides. Cold Spring Harbor Perspect Med. 2017;7: 
a026823.

	16.	 Zhou G, Afrane YA, Vardo-Zalik AM, Atieli H, Zhong D, Wamae P, et al. 
Changing patterns of malaria epidemiology between 2002 and 2010 in 
Western Kenya: the fall and rise of malaria. PLoS ONE. 2011;6: e20318.

	17.	 Kreppel K, Viana M, Main B, Johnson P, Govella N, Lee Y, et al. Emergence 
of behavioural avoidance strategies of malaria vectors in areas of high 
LLIN coverage in Tanzania. Sci Rep. 2020;10:14527.

	18.	 Mwangangi JM, Muturi EJ, Muriu SM, Nzovu J, Midega JT, Mbogo C. The 
role of Anopheles arabiensis and Anopheles coustani in indoor and outdoor 
malaria transmission in Taveta District. Kenya Parasit Vectors. 2013;6:114.

	19.	 Kisinza WN, Nkya TE, Kabula B, Overgaard HJ, Massue DJ, Mageni Z, et al. 
Multiple insecticide resistance in Anopheles gambiae from Tanzania: a 
major concern for malaria vector control. Malar J. 2017;16:439.

	20.	 Gari T, Lindtjørn B. Reshaping the vector control strategy for malaria 
elimination in Ethiopia in the context of current evidence and new tools: 
opportunities and challenges. Malar J. 2018;17:454.

	21.	 Alemayehu E, Asale A, Eba K, Getahun K, Tushune K, Bryon A, et al. Map-
ping insecticide resistance and characterization of resistance mecha-
nisms in Anopheles arabiensis (Diptera: Culicidae) in Ethiopia. Parasit 
Vectors. 2017;10:407.

	22.	 Simma EA, Dermauw W, Balabanidou V, Snoeck S, Bryon A, Clark RM, et al. 
Genome-wide gene expression profiling reveals that cuticle alterations 
and P450 detoxification are associated with deltamethrin and DDT resist-
ance in Anopheles arabiensis populations from Ethiopia. Pest Manag Sci. 
2019;75:1808–18.

	23.	 WHO. Malaria Policy Advisory Committee (MPAC) meeting: meeting 
report, September 2016. Geneva: World Health Organization; 2016.

	24.	 Kibret S, Wilson GG, Ryder D, Tekie H, Petros B. Can water-level manage-
ment reduce malaria mosquito abundance around large dams in sub-
Saharan Africa? PLoS ONE. 2018;13: e0196064.

	25.	 McCann RS, Kabaghe AN, Moraga P, Gowelo S, Mburu MM, Tizifa T, et al. 
The effect of community-driven larval source management and house 
improvement on malaria transmission when added to the standard 
malaria control strategies in Malawi: a cluster-randomized controlled trial. 
Malar J. 2021;20:232.

	26.	 Mmbando AS, Batista E, Kilalangongono M, Finda MF, Mwanga EP, Kain-
doa EW, et al. Evaluation of a push–pull system consisting of transfluthrin-
treated eave ribbons and odour-baited traps for control of indoor-and 
outdoor-biting malaria vectors. Malar J. 2019;18:87.

	27.	 Kleinschmidt I, Bradley J, Knox TB, Mnzava AP, Kafy HT, Mbogo C, et al. 
Implications of insecticide resistance for malaria vector control with long-
lasting insecticidal nets: a WHO-coordinated, prospective, international, 
observational cohort study. Lancet Infect Dis. 2018;18:640–9.

	28.	 Õmura S, Crump A. The life and times of ivermectin—a success story. Nat 
Rev Microbiol. 2004;2:984–9.

	29.	 Ōmura S, Crump A. Ivermectin: panacea for resource-poor communities? 
Trends Parasitol. 2014;30:445–55.

	30.	 Dreyer SM, Leiva D, Magaña M, Pott M, Kay J, Cruz A, et al. Fipronil and 
ivermectin treatment of cattle reduced the survival and ovarian develop-
ment of field-collected Anopheles albimanus in a pilot trial conducted in 
northern Belize. Malar J. 2019;18:296.

	31.	 Foy BD, Alout H, Seaman JA, Rao S, Magalhaes T, Wade M, et al. Efficacy 
and risk of harms of repeat ivermectin mass drug administrations for 
control of malaria (RIMDAMAL): a cluster-randomised trial. Lancet. 
2019;393:1517–26.

	32.	 Lyimo IN, Kessy ST, Mbina KF, Daraja AA, Mnyone LL. Ivermectin-treated 
cattle reduces blood digestion, egg production and survival of a free-
living population of Anopheles arabiensis under semi-field condition in 
south-eastern Tanzania. Malar J. 2017;16:239.

	33.	 Meyers JI, Gray M, Kuklinski W, Johnson LB, Snow CD, Black WC, et al. 
Characterization of the target of ivermectin, the glutamate-gated chlo-
ride channel, from Anopheles gambiae. J Exp Biol. 2015;218:1478–86.

	34.	 Seaman JA, Alout H, Meyers JI, Stenglein MD, Dabiré RK, Lozano-Fuentes 
S, et al. Age and prior blood feeding of Anopheles gambiae influences 
their susceptibility and gene expression patterns to ivermectin-contain-
ing blood meals. BMC Genomics. 2015;16:797.

	35.	 Chaccour CJ, Ngha’bi K, Abizanda G, Irigoyen Barrio A, Aldaz A, Okumu F, 
et al. Targeting cattle for malaria elimination: marked reduction of Anoph-
eles arabiensis survival for over six months using a slow-release ivermectin 
implant formulation. Parasit Vectors. 2018;11:287.

	36.	 Foy BD, Kobylinski KC, da Silva IM, Rasgon JL, Sylla M. Endectocides for 
malaria control. Trends Parasitol. 2011;27:423–8.

	37.	 Chaccour C, Lines J, Whitty CJ. Effect of ivermectin on Anopheles gambiae 
mosquitoes fed on humans: the potential of oral insecticides in malaria 
control. J Infect Dis. 2010;202:113–6.

	38.	 Asale A, Duchateau L, Devleesschauwer B, Huisman G, Yewhalaw D. 
Zooprophylaxis as a control strategy for malaria caused by the vector 
Anopheles arabiensis (Diptera: Culicidae): a systematic review. Infect Dis 
Poverty. 2017;6:160.

	39.	 Mekuriaw W, Balkew M, Messenger LA, Yewhalaw D, Woyessa A, Massebo 
F. The effect of ivermectin® on fertility, fecundity and mortality of Anoph-
eles arabiensis fed on treated men in Ethiopia. Malar J. 2019;18:357.

https://www.who.int/publications/i/item/9789240015791


Page 8 of 8Eba et al. Malaria Journal           (2023) 22:12 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	40.	 Derua YA, Kisinza WN, Simonsen PE. Differential effect of human ivermec-
tin treatment on blood feeding Anopheles gambiae and Culex quinquefas-
ciatus. Parasit Vectors. 2015;8:130.

	41.	 Dreyer SM, Morin KJ, Vaughan JA. Differential susceptibilities of Anopheles 
albimanus and Anopheles stephensi mosquitoes to ivermectin. Malar J. 
2018;17:1–10.

	42.	 Kobylinski KC, Sylla M, Chapman PL, Sarr MD, Foy BD. Ivermectin mass 
drug administration to humans disrupts malaria parasite transmission in 
Senegalese villages. Am J Trop Med Hyg. 2011;85:3–5.

	43.	 Pooda HS, Rayaisse J-B, de Sale Hien DF, Lefèvre T, Yerbanga SR, Bengaly 
Z, et al. Administration of ivermectin to peridomestic cattle: a promising 
approach to target the residual transmission of human malaria. Malar J. 
2015;14:496.

	44.	 Scott JA, Brogdon WG, Collins FH. Identification of single specimens of 
the Anopheles gambiae complex by the polymerase chain reaction. Am J 
Trop Med Hyg. 1993;49:520–9.

	45.	 Chaccour C, Hammann F, Rabinovich NR. Ivermectin to reduce malaria 
transmission. I. Pharmacokinetic and pharmacodynamic considerations 
regarding efficacy and safety. Malar J. 2017;16:161.

	46.	 Cramer EY, Quang NX, Hertz JC, Quang HH, Mendenhall I, Lover AA. Iver-
mectin treatment for cattle reduced the survival of two malaria vectors, 
Anopheles dirus and Anopheles epiroticus, under laboratory conditions in 
Central Vietnam. Am J Trop Med Hyg. 2021;104:2165–8.

	47.	 Fritz ML, Walker ED, Miller JR. Lethal and sublethal effects of avermectin/
milbemycin parasiticides on the African malaria vector, Anopheles arabi-
ensis. J Med Entomol. 2012;49:326–31.

	48.	 Makhanthisa TI, Braack L, Lutermann H. The effect of cattle-administered 
ivermectin and fipronil on the mortality and fecundity of Anopheles 
arabiensis Patton. Parasit Vectors. 2021;14:349.

	49.	 Poché RM, Burruss D, Polyakova L, Poché DM, Garlapati RB. Treatment of 
livestock with systemic insecticides for control of Anopheles arabiensis in 
western Kenya. Malar J. 2015;14:1–9.

	50.	 Pooda SH, Moiroux N, Porciani A, Courgeault A-L, Roberge C, Gaudriault 
G, et al. A six-months, long acting, one-shot injectable formulation of 
Ivermectin as a complementary malaria vector control tool to target 
zoophagic Anopheles: laboratory and model-based proofs of concept. 
SSRN J. 2022. https://​doi.​org/​10.​2139/​ssrn.​40881​91.

	51.	 Foley D, Bryan J, Lawrence G. The potential of ivermectin to con-
trol the malaria vector Anopheles farauti. Trans R Soc Trop Med Hyg. 
2000;94:625–8.

	52.	 Dagg K, Irish S, Wiegand RE, Shililu J, Yewhalaw D, Messenger LA. Evalua-
tion of toxicity of clothianidin (neonicotinoid) and chlorfenapyr (pyrrole) 
insecticides and cross-resistance to other public health insecticides in 
Anopheles arabiensis from Ethiopia. Malar J. 2019;18:49.

	53.	 Fritz M, Siegert P, Walker E, Bayoh M, Vulule J, Miller J. Toxicity of blood-
meals from ivermectin-treated cattle to Anopheles gambiae s.l. Ann Trop 
Med Parasitol. 2009;103:539–47.

	54.	 Kobylinski KC, Deus KM, Butters MP, Hongyu T, Gray M, da Silva IM, et al. 
The effect of oral anthelmintics on the survivorship and re-feeding 
frequency of anthropophilic mosquito disease vectors. Acta Trop. 
2010;116:119–26.

	55.	 Black WC, et al. Population biology as a tool to study vector-borne 
diseases. In: Marquardt WC, Kondratieff BC, Moore CG, Freier JE, Hagedorn 
HH, Black WC, et al., editors. Biology of disease vectors. Amsterdam: 
Elsevier; 2004. p. 187–206.

	56.	 Garrett-Jones C, Shidrawi G. Malaria vectorial capacity of a population 
of Anopheles gambiae: an exercise in epidemiological entomology. Bull 
World Health Organ. 1969;40:531–45.

	57.	 Macdonald G. The analysis of equilibrium in malaria. Trop Dis Bull. 
1952;49:813–29.

	58.	 Marquardt WH. Biology of disease vectors. Amsterdam: Elsevier; 2004.
	59.	 de Araújo APO, Telleria EL, Dutra JMF, Júlio RM, Traub-Csekö YM. Disrup-

tion of the peritrophic matrix by exogenous chitinase feeding reduces 
fecundity in Lutzomyia longipalpis females. Mem Instit Oswaldo Cruz. 
2012;107:543–5.

	60.	 Villalon J, Ghosh A, Jacobs-Lorena M. The peritrophic matrix limits the rate 
of digestion in adult Anopheles stephensi and Aedes aegypti mosquitoes. J 
Insect Physiol. 2003;49:891–5.

	61.	 Tesh RB, Guzman H. Mortality and infertility in adult mosquitoes after 
the ingestion of blood containing ivermectin. Am J Trop Med Hyg. 
1990;43:229–33.

	62.	 Ouédraogo AL, Bastiaens GJ, Tiono AB, Guelbéogo WM, Kobylinski KC, 
Ouédraogo A, et al. Efficacy and safety of the mosquitocidal drug iver-
mectin to prevent malaria transmission after treatment: a double-blind, 
randomized, clinical trial. Clin Infect Dis. 2015;60:357–65.

	63.	 Sampaio VS, Beltrán TP, Kobylinski KC, Melo GC, Lima JB, Silva SG, et al. 
Filling gaps on ivermectin knowledge: effects on the survival and repro-
duction of Anopheles aquasalis, a Latin American malaria vector. Malar J. 
2016;15:491.

	64.	 Alout H, Krajacich BJ, Meyers JI, Grubaugh ND, Brackney DE, Kobylinski 
KC, et al. Evaluation of ivermectin mass drug administration for malaria 
transmission control across different West African environments. Malar J. 
2014;13:417.

	65.	 Smit MR, Ochomo EO, Aljayyoussi G, Kwambai TK, Abong’o BO, Chen T, 
et al. Safety and mosquitocidal efficacy of high-dose ivermectin when 
co-administered with dihydroartemisinin-piperaquine in Kenyan adults 
with uncomplicated malaria (IVERMAL): a randomised, double-blind, 
placebo-controlled trial. Lancet Infect Dis. 2018;18:615–26.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.2139/ssrn.4088191

	Effect of Ivermectin® on survivorship and fertility of Anopheles arabiensis in Ethiopia: an in vitro study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Colony of Anopheles arabiensis
	Wild mosquito rearing in the laboratory
	Ivermectin solution preparation
	Mosquito blood-feeding
	Mosquito mortality
	Egg production and developmental stages
	Identification of vector species complexes
	Data analysis

	Results
	Mosquito species composition
	Feeding rate
	Mosquito mortality
	Effect of ivermectin on egg production, hatchability, pupae and adult emergence

	Discussion
	Conclusion
	Acknowledgements
	References


